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INTEGRATED AND SELF-CONTAINED 
SUSPENSION ASSEMBLY HAVING AN 

ON-THE-FLY ADJUSTABLE AIR SPRING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

A preferred embodiment relates to air springs for vehicle 
suspensions and preferably tWo-Wheeled vehicle suspen 
sions, such as the suspensions of bicycles, Which are typically 
mounted betWeen the chassis of the vehicle and a Wheel. In 
particular, a preferred embodiment relates to an air spring, 
optionally combined With a shock absorber or other damper 
to form an integrated suspension unit, Which permits instant 
selection betWeen tWo different spring rate curves by simply 
rotating an external knob one-quarter turn. 

2. Description of the Related Art 

One advantage of air springs is the ability to change spring 
rate (“softer” or “stiffer”) simply by adjusting the internal air 
pressure. Such a method permits changing the spring rate 
curve of an air spring, and is available for essentially all air 
springs. On many air springs this is accomplished relatively 
easily by pressuriZing or de-pressuriZing the air spring With a 
hand pump and gauge, or by using an air pressure hose at an 
automobile service station (“gas station”). Most air springs 
are purposely designed With a standardized Schrader air valve 
(similar to those in automobile tires) to make this relatively 
easy and convenient. 

As is knoWn in the art, spring rate characteristics can also 
be changed by altering the initial air chamber volume. 
Increasing or decreasing initial air chamber volume softens or 
stiffens, respectively, the air spring curve. 

Conventional prior-art air springs for bicycles and motor 
cycles have been knoWn to provide features for altering air 
chamber volume. The most common method, used especially 
in air-sprung mountain bike front forks, is to increase or 
decrease air chamber volume by adding or removing hydrau 
lic ?uid (“changing the oil level”). In other cases, air spring 
suspension components have been provided With solid, light 
Weight, “volume plugs”. The air spring is opened and the 
“volume plugs” are added or removed from the air chamber. 
Both methods, of course, generally require depressuriZation 
and opening of the hydraulic unit and/ or the air spring. 

Another feature knoWn in the art for altering the air cham 
ber volume on certain bicycle and motorcycle air springs has 
been an adjustable-position threaded cap closing off the air 
chamber. Threading this cap in or out, Which can require a fair 
amount of torque to overcome frictional forces resulting from 
the internal pressure, changes the air chamber volume. For 
example, US. Pat. No. 5,346,236 teaches this for a bicycle 
front fork. Also knoWn in the art is a threaded-cap adjustable 
volume external air reservoir Which can be added to a basic 
shock absorber or fork air spring. Changes of this type can 
typically be accomplished faster than adding or removing 
hydraulic ?uid, and may be accomplished in about 1 minute. 

Motorcycles having air suspension With an on-board pres 
suriZation system including an on-board air compressor to 
monitor and regulate air pressure on demand, are also knoWn 
in the art. 

There is a need in bicycles and motorcycles Which incor 
porate air spring suspension for a quick, easy Way to alter the 
air spring curve “on-the-?y”. All the prior-art methods noted 
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2 
above suffer from various limitations, including time and 
effort required, Weight, bulk, complexity, and cost. 

SUMMARY OF THE INVENTION 

One aspect of a preferred embodiment is to provide a 
suspension air spring, optionally integrated With a shock 
absorber or other damper, that permits instant selection 
betWeen “soft” and “?rm” spring rate curves by simply tum 
ing an external knob one-quarter turn. This is much quicker 
and easier than other methods provided by conventional 
prior-art designs. The illustrated embodiments are particu 
larly applicable to bicycles. 

In the context of real-World mountain biking, all prior-art 
methods of changing air spring rates create a signi?cant inter 
ruption in the ride, and thus typically are done infrequently, or 
not at all, during a ride. In contrast, turning an external knob 
as described according to a preferred embodiment is so quick 
and simple that it can be done in a routine “on-the-?y” manner 
doZens of times as desired during a typical ride. Since terrain 
and trail conditions constantly change, this greatly bene?ts 
the rider by enabling him/her to continuously select the best 
spring rate for the current situation. 
The illustrated embodiments achieve this result by parti 

tioning the air spring (more generally, “gas spring”) into tWo 
separate partial volumes. The tWo partial volumes are con 
nected by a sealed passage Which is selectively opened or 
closed by turning an external knob. Turning the knob rotates 
a cam Which desirably is in contact With a cam folloWer. The 
cam folloWer then preferably moves a check ball up or doWn, 
causing the ball to either seat on or unseat from, respectively, 
a seal in the connecting passage 
When the check ball is seated, the passage is closed and air 

?oW from the ?rst partial volume to the second partial volume 
is blocked. This isolates the second partial volume and pre 
vents it from physically participating as a part of the air spring 
upon compression of the suspension. As is Well-knoWn in the 
art, air spring characteristics depend upon the initial pressure 
and volume characteristics of the air spring. When the total 
initial volume is effectively reduced, as occurs here When the 
passage leading to the second partial volume is blocked, the 
air spring characteristic (“spring curve”) becomes ?rmer. 
When the checkball is unseated, the passage is open and air 

?oW betWeen the tWo partial volumes is unrestricted. This, of 
course, makes both partial volumes physically available to the 
air spring, and results in greater total initial volume and a 
softer air spring characteristic. 
A preferred embodiment is an air spring for a tWo Wheeled 

vehicle. The air spring being positionable betWeen a vehicle 
sprung mass and a vehicle Wheel. The air spring includes an 
air cylinder closed at one end and connectable to one of a 
vehicle sprung mass and a vehicle Wheel. A piston is in 
axially-slidable engagement With the air cylinder and is con 
nectable to the other of a vehicle sprung mass and a vehicle 
Wheel. A partitioning member is positioned Within the cylin 
der and at least partially divides the cylinder into a primary air 
chamber and a secondary air chamber. A passage connects the 
primary air chamber and the secondary air chamber and a 
valve assembly is con?gured to selectively permit air ?oW 
through the passage. 

Another preferred embodiment is a gas spring assembly 
including a body portion and a shaft portion. The shaft portion 
is telescopingly engaged With the body portion. A piston is 
carried by the shaft portion and cooperates With the body 
portion to de?ne a variable volume ?rst gas chamber. One of 
the shaft portion and the body portion at least partially de?nes 
a second gas chamber. A valve assembly is positionable in a 
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?rst position and a second position. In the ?rst position, the 
valve assembly substantially prevents communication 
betWeen the ?rst gas chamber and the second gas chamber 
and in the second position, the valve assembly permits com 
munication betWeen the ?rst gas chamber and the second gas 
chamber. 

Another aspect of the present invention involves a front 
suspension fork assembly positionable on a bicycle. The front 
fork assembly includes a gas spring assembly having a body 
portion and a shaft portion. The shaft portion is telescopingly 
engaged With the body portion. A piston is carried by the shaft 
portion and cooperates With the body portion to de?ne a 
variable volume ?rst gas chamber. One of the shaft portion 
and the body portion at least partially de?nes a second gas 
chamber. A valve assembly is positionable in a ?rst position 
and a second position. In the ?rst position, the valve assembly 
substantially prevents communication betWeen the ?rst gas 
chamber and the second gas chamber and in the second posi 
tion, the valve assembly permits communication betWeen the 
?rst gas chamber and the second gas chamber. The valve 
assembly is movable betWeen the ?rst position and the second 
position by an actuator positioned to be accessible to a hand of 
a rider of the bicycle While riding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overall front vieW of a prior-art embodiment of 
a suspension unit consisting of a shock absorber (“damper”) 
integrated With an air spring. 

FIG. 2 is a partial sectional front vieW of the prior-art 
suspension unit of FIG. 1. 

FIG. 3 illustrates the effect of the negative chamber by 
comparing the spring curve of the prior-art suspension unit of 
FIG. 2 With the spring curve it Would have if the negative 
chamber Was eliminated. 

FIG. 4 is an overall front vieW of a preferred embodiment 
of a suspension unit. 

FIG. 5 is an overall side vieW of the suspension unit of FIG. 
4. 

FIG. 6 is a partial sectional front vieW of the suspension 
unit of FIG. 4. 

FIG. 7 is a partial sectional top vieW of the suspension unit 
of FIG. 6. 

FIG. 8 is an enlarged partial sectional vieW of the suspen 
sion unit of FIG. 6. 

FIG. 9 is an isometric vieW of the upper eyelet housing of 
the suspension unit of FIG. 6. 

FIG. 10 is an isometric vieW of the air sleeve partition of the 
suspension unit of FIG. 6. 

FIG. 11 is an enlarged partial sectional vieW of the sWitch 
ing mechanism of the suspension unit of FIG. 6, With the 
adjusting lever set so the air passage is open. 

FIG. 12 is an enlarged partial sectional vieW of the sWitch 
ing mechanism of the suspension unit of FIG. 6, With the 
adjusting lever set so the air passage is closed. 

FIG. 13 is a partial sectional vieW of the suspension unit of 
FIG. 6, shoWing the approximate full travel position With the 
adjusting lever set in the open position. 

FIG. 14 is a partial sectional vieW of the suspension unit of 
FIG. 6, shoWing the approximate full travel position With the 
adjusting lever set in the closed position. 

FIG. 15 illustrates the effect of the lever adjustment by 
comparing the spring curves of the suspension unit of FIG. 6 
With the lever in the closed position, and With it in the open 
position. 
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4 
FIG. 16 shoWs an alternate embodiment of a suspension 

unit, Where the connecting passageWay occurs through the 
center shaft. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The prior-art integrated suspension unit 100 of FIGS. 1 and 
2 Will be described ?rst, in order to provide a point of depar 
ture for better understanding the improvements of the pre 
ferred embodiments, Which Will be described further on. 
The typical prior-art integrated suspension unit 100 as 

shoWn in FIGS. 1 and 2 is manufactured by Fox Racing Shox. 
It is to be understood, of course, that this speci?c prior-art 
embodiment is representative only, and that the present air 
spring arrangement can be applied to other types of suspen 
sion units. Additionally, the present air spring arrangement 
can be applied as a separate air spring unit, not integrated With 
a damper. 

In FIGS. 1 and 2 the integrated suspension unit 100 is 
comprised of an air spring assembly 110 and a damper assem 
bly 190. The integration is seamless, With several of the 
components such as an upper eyelet housing 116 and seal 
head 194 shared by both assemblies and performing dual 
functional roles. For example, as part of the damper assembly 
190, the seal head 194 closes and seals off one end of the 
shock body 197. At the same time, as part of the air spring 
assembly 110, the seal head 194 also seals offthe open end of 
the air cylinder 126 and functions as a piston of the air spring 
assembly 110. The air cylinder 126 functions as a body por 
tion of the air spring assembly 10 and the shock body 197 
functions as a shaft portion of the air spring assembly 110. 

Still referring to FIGS. 1 and 2, the ends of the integrated 
suspension unit 100, the upper eyelet 114 and the loWer eyelet 
198, are connected to the sprung and unsprung portions of the 
vehicle (not shoWn) in a conventional manner. The air pres 
sure in the positive air chamber 128 creates a force tending to 
lengthen the suspension unit 100, While pressure in the nega 
tive air chamber 136 tends to shorten it. As is Well-known in 
the art, the net effect of these opposing forces is to create a 
desirable air spring curve (“force vs. travel curve”), espe 
cially in that portion of the travel regime Where the suspension 
unit 100 is near full extension. 

In particular, it is Well-known that Without the counteract 
ing force produced by the negative air chamber 136, Which 
rapidly increases as the shock absorber approaches full exten 
sion and the volume of the negative air chamber 136 rapidly 
decreases, the initial portion of the spring curve (“spring 
preload”) Would be quite stiff. Thus, an undesirably large 
beginning force Would be required to initiate the ?rst portion 
of travel from full extension. 

Typical spring curves produced With and Without the nega 
tive air chamber 136 are illustrated in FIG. 3. Curve “A” 
shoWs a force versus travel spring curve that Would be pro 
duced by the embodiment of FIG. 2, Which includes the 
negative air chamber 136. In contrast, Curve “B” shoWs the 
spring curve that Would result if the negative air chamber 136 
Was removed (not shoWn). On a bicycle, or other vehicle, 
spring curve “B” Would generally produce an undesirably 
harsh ride due to the large initial force required to initiate 
travel from full extension. 
The positive air chamber 128 is pressurized via the air 

valve 112. As is typical, an air passage (not shoWn) is drilled 
in the upper eyelet housing 116, and leads from the air valve 
112 to the positive air chamber 128. 
The negative air chamber 136 is pressurized via a transfer 

port 132. Transfer occurs at that pre-determined point near the 
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beginning of suspension travel Where the transfer port 132 
bridges the positive/negative seal assembly 130, as depicted 
in FIG. 2. This air transfer feature provides an effective and 
simple means for properly balancing the pressures of the 
positive air chamber 128 and the negative air chamber 136, 
and is more fully described in Us. Pat. No. 6,135,434. 

The positive/negative seal assembly 130 provides a mov 
ing seal betWeen the positive air chamber and the negative air 
chamber and seals at all times except When bridged by the 
transfer port 132. The inside bore of the air cylinder 126 is 
burnished or otherWise ?nished to provide a smooth, loW 
friction surface Which seals Well. 

The negative chamber seal assembly 140 seals the loWer 
side of the negative chamber on the outside of the shock body 
197, Which is burnished or otherWise ?nished to provide a 
smooth, loW-friction surface Which seals Well. 
The prior-art integrated suspension unit 100 of FIGS. 1 and 

2 includes provisions for adjusting the internal damping by 
rotating a damping adjuster knob 191 Which, in turn, rotates 
the damping adjuster rod 192 Which extends doWn the shaft 
193 into the piston assembly 195. This basic construction, 
available in many conventional high-performance shock 
absorbers and Well-knoWn to those skilled in the art, enables 
external adjustability of compression damping, rebound 
damping, or both. 

Although this damper construction feature is not required 
for application of the preferred embodiments, it is illustrated 
here in the prior-art and it is also included in the illustrated 
embodiment shoWn in FIG. 6. If this adjustable damping 
feature is not included, a someWhat simpli?ed and less costly 
preferred embodiment, as described later and illustrated in 
FIG. 16, is made possible. 

The rest of the prior-art integrated suspension unit 100, 
including the piston assembly 195 of the damper assembly 
190 Which creates damping as it moves thru the damping ?uid 
196, are not illustrated or described in further detail since they 
are conventional features Well-knoWn to those skilled in the 
art, and are not required for an understanding of the preferred 
embodiments. 

External vieWs of a preferred embodiment are shoWn in 
FIGS. 4 and 5. Suspension unit 200 comprises a damper 
assembly 190 identical to that of FIG. 1, and an adjustable air 
spring assembly 210. A manually-operable travel adjust lever 
252 extends from the upper portion of suspension unit 200. 
The travel adjust lever 252 can be rotated 90-degrees clock 
Wise or counterclockWise betWeen the tWo positions shoWn, 
the “long-travel mode” and the “short-travel mode”, as Will be 
described more fully further on. 

FIG. 6 shoWs a partial sectional vieW of the suspension unit 
200 of FIG. 4. In comparison to the prior-art device of FIGS. 
1 and 2, the damper assembly 190 of FIG. 6 is identical to the 
damper assembly 190 of FIGS. 1 and 2; hoWever, the adjust 
able air spring assembly 210 of FIG. 6 contains additional 
structure and modi?ed structure as compared With air spring 
assembly 110 of FIGS. 1 and 2. The additional and modi?ed 
structure comprises an air cylinder partition 272 sealed Within 
the air cylinder 126 Which separates the divided positive air 
chamber 228 into a ?rst partial volume 227 and a second 
partial volume 229, and a travel adjust assembly 250 Which 
enables these tWo partial volumes to be either connected or 
separated by rotation of the external travel adjust lever 252. 

FIGS. 7 and 8 shoW enlarged vieWs illustrating this addi 
tional structure and modi?ed structure, Which Will noW be 
described in detail. In FIG. 8 and other draWings, various 
seals (such as a conventional O-ring seal betWeen the air 
cylinder 126 and the air cylinderpartition 272) are included in 
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the draWing, but are not numbered or described, since they are 
conventional features Well-knoWn to those skilled in the art. 
The detent ball assembly 260 provides a detenting effect 

such that, after adjustment, the travel adjust lever 252 is held 
in the selectedposition. It also provides tactile feedback to the 
operator to indicate attainment of a neW position upon rota 
tion. The travel adjust lever 252 is incorporated into the upper 
eyelet housing 216 and is secured to an actuating cam shaft 
254 by a retaining screW 256. A surface of the actuating cam 
shaft 254 has a ball indent 255 spaced every 90-degrees on its 
outer surface near one end. A surface of a detent ball 262, 
urged by a detent spring 264 Which is secured by a detent set 
screW 266, engages the ball indent 255. Thus, in an engaged 
position, the detent ball 262 engages one of the ball indents 
255 and a ?rst level of resistance to rotation of the travel adjust 
lever 252 is provided that, desirably, inhibits unintentional 
rotation of the lever 252, While still alloWing the lever 252 to 
be rotated by hand. In an unengaged position, the detent ball 
262 contacts a surface of the cam shaft 254 betWeen the 
indents 255 and, desirably, provides little or no resistance to 
rotation of the travel adjust lever 252. 

In FIG. 8, the retaining ring 278 serves to secure the axial 
location of the air cylinder partition 272 on the shaft 193. 

In order to facilitate clear visualization of the interface 
betWeen the upper eyelet housing 216 and the air cylinder 
partition 272, FIG. 9 shoWs an isometric vieW of the upper 
eyelet housing 216, and FIG. 10 shoWs an isometric vieW of 
the air cylinder partition 272. As shoWn, the underside of the 
upper eyelet housing 216 includes a doWnWardly-proj ecting 
upper passage port coupler 217 Which engages the upWardly 
projecting loWer passage port boss 273 thru Which the loWer 
passage port 274 passes. This connection is sealed by a loWer 
passage port seal 276 as shoWn in FIG. 11. In addition, the 
upper eyelet housing 216 includes an upper passage port 219, 
Which preferably extends completely through the upper pas 
sage port coupler 217, in a direction perpendicular to a lon 
gitudinal axis thereof, as shoWn in FIG. 11. 

FIG. 11 shoWs an enlarged partial sectional vieW of the 
travel adjust assembly 250, Which is noW described in detail. 
As previously described, the travel adjust lever 252 is secured 
to the actuating cam shaft 254 by a retaining screW 256. The 
actuating cam shaft 254 is retained in the upper eyelet housing 
216 by a retaining screW 253. The actuating cam shaft 254 
includes a cam pro?le 259. This cam pro?le 259 consists of 2 
?ats 259A 180-degrees apart as shoWn here in FIG. 11, and 2 
deeper ?ats 259B as shoWn in FIG. 12, Which also are 180 
degrees apart and are at 90-degrees from ?ats 259A. These 
?ats control the position of the cam folloWer 258, as deter 
mined by the setting of the travel adjust lever 252. Cam 
folloWer 258 is sealed by cam folloWer seal 257. 

With the travel adjust lever 252 in the position shoWn in 
FIG. 11, the cam folloWer 258 is in contact With the check ball 
282 and maintains it in a position out of contact With the check 
ball seal 283. As shoWn by the heavy ?oW lines draWn, this 
enables air ?oW from the ?rst partial volume 227 (not shoWn 
in this vieW) thru the loWer passage port 274, past the check 
ball 282, thru the upper passage port 219, and into the second 
partial volume 229 (not shoWn in this vieW). This is one 
direction of air ?oW. The opposite direction of air ?oW is also 
enabled. These ?oWs, of course, provide open communica 
tion betWeen the ?rst partial volume 227 and the second 
partial volume 229 such that their combined volume is avail 
able during compression of the suspension unit 200. 

FIG. 12 shoWs the travel adjust lever 252 in the closed 
position. The cam folloWer 258, urged upWard by internal air 
pressure, engages cam pro?le 259B and, as shoWn, moves 
aWay from check ball 282 by a distance “X”, Which is desir 
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ably 0.040" or more. The check ball 282, urged upward by the 
check ball spring 284 engages check ball seal 283. This seals 
off any upward air ?ow from ?rst partial volume 227 to 
second partial volume 229. 

However, this does not seal off ?ow in the opposite direc 
tion, since check ball spring 284 is speci?ed to produce only 
a small spring force, for example about 0.03 to 0.05 pounds, 
with the check ball 282 in the sealed position. Accordingly, if 
the pressure from the second partial volume 229 above the 
check ball 282 exceeds the pressure below it from ?rst partial 
volume 227 by approximately 3 to 5 psi, then this pressure 
differential will overcome the force of check ball spring 284 
and check ball 282 will move downward away from sealing 
contact with check ball seal 283. In this event, air will ?ow 
from second partial volume 229 to ?rst partial volume 227. 

This characteristic is desirable in order to prevent unin 
tended entrapment of excess air and pressure in the second 
partial volume 229. For correct function of the adjustable air 
spring assembly 21 0, it is preferred that the pressure in second 
partial volume 229 does not become signi?cantly greater than 
the pressure in ?rst partial volume 227. Such a situation 
wouldresult in the pressure within the ?rst partial volume 227 
being reduced from its initial, preset level, due to the ?nite 
quantity of air within the suspension unit 200. As a result, the 
spring rate of the air spring 200 in its short travel mode (i.e., 
only utiliZing the ?rst partial volume 227) would be undesir 
ably reduced from its initial setting. Rather, according to the 
preferred embodiments, the pressure in the second partial 
volume 229 preferably remains approximately equal to or 
less than the pressure in ?rst partial volume 227, since the 
check ball spring 284 creates only a small preload force. 

Although the above-described valve assembly is preferred 
for its simplicity, reliability and low manufacturing cost, 
other valve arrangements may also be employed. For 
example, a needle-type valve body may be used in place of the 
checkball 282. In an alternative arrangement, the cam surface 
259 may directly contact the valve body (e. g., the check ball 
282) and the cam follower 258 may be omitted. Further, the 
above-described functions of the valve assembly do not nec 
essarily have to be performed by a single valve arrangement. 
For example, a ?rst valve arrangement may selectively con 
nect and disconnect the ?rst partial volume 227 and second 
partial volume 229, while another valve arrangement pro 
vides the check valve function of preventing the pressure of 
the second partial volume 229 from becoming substantially 
greater than the pressure of the ?rst partial volume 227. 

FIG. 13 illustrates a typical full-travel position of suspen 
sion unit 200 when travel adjust lever 252 is set in the long 
travel mode, such that ?rst partial volume 227 and second 
partial volume 229 are in full communication. 

Similarly, FIG. 14 illustrates a typical full-travel position 
of suspension unit 200 when travel adjust lever 252 is set in 
the short-travel mode, such that ?rst partial volume 227 and 
second partial volume 229 are in not in communication. 

Note that the overall compressed lengths of suspension unit 
200 are different, with the length L.sub.1 in FIG. 13 being 
shorter than the length L.sub.2 in FIG. 14. This will be 
explained with reference to FIG. 15. 

FIG. 15 illustrates an example of the force-versus-travel 
relationships provided by suspension unit 200 in the two 
different selectable modes: the short-travel mode and the 
long-travel mode. In the long-travel mode, as shown by curve 
“B”, the force rises more gradually and reaches, in this 
example, a value of 750 pounds at a stroke distance of about 
1.75 inches. In the short-travel mode, as shown by curve “A”, 
the force rises more rapidly and reaches a value of 750 pounds 
at a stroke distance of only about 1.27 inches, almost 1/2 inch 
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8 
less than the value for curve “B”. This relationship, of course, 
is the basis for describing the two modes as “long-travel 
mode” and “short-travel mode”. 

It should be explained that, although for simplicity in the 
above example a ?nal external compression force of 750 
pounds on the suspension unit 200 is assumed for both cases, 
this is only an approximation. A rigorous computer motion 
analysis of a speci?c situation, centering on the basic equa 
tion of motion FIma (force equals mass times acceleration), 
would show some difference, but this analysis is generally 
quite complicated and the difference would generally be rela 
tively small. Thus, the above is a reasonably close approxi 
mation assuming that in both cases the vehicle upon which the 
suspension unit 200 is mounted is subjected to the same bump 
(or other terrain feature) and other conditions. 

Additionally, it should be noted that at 1 .27 inches of travel 
curve “A” is rising steeply. Thus, even if the ?nal force that 
occurs in the short-travel mode is somewhat greater than the 
750 pounds used in the above example, ?nal travel would still 
be signi?cantly less than curve “B”. For example, even if the 
?nal force reached 1000 pounds, ?nal travel would still only 
be slightly more than 1 .40 inches.As a preferred embodiment 
of the present invention is as a shock absorber for a mountain 
bike, it is desirable that the ?nal force is less than 3000 
pounds, desirably, less than 2000 pounds and, more desirably, 
less than 1000 pounds. Such an arrangement allows the air 
spring to withstand the impact forces resulting from travers 
ing rough terrain with suspension arrangements presently 
incorporated on mountain bikes (e. g., wheel travel/ shock 
travel ratio). As will be appreciated by one of skill in the art, 
for other applications or suspension arrangements, the pre 
ferred ?nal force may vary from the values recited above. 

In the context of mountain bike suspension assemblies, 
preferably, the ?rst partial volume 227 is between about 1 and 
8 cubic inches. Desirably, the ?rst partial volume 227 is 
between about 1.5 and 6 cubic inches and, more desirably, 
between about 2 and 4 cubic inches. Preferably, the second 
partial volume 229 is between about 0.3 and 4 cubic inches. 
Desirably, the second partial volume 229 is between about 0.4 
and 3 cubic inches and, more desirably, between about 0.5 
and 2 cubic inches. Such an arrangement provides a desirable 
spring rate of the suspension unit 200 when utiliZing only the 
?rst partial volume 227, as well as when both the ?rst partial 
volume 227 and second partial volume 299 are used to pro 
vide a spring force, for a substantial number of mountain bike 
applications. 

In at least a signi?cant portion of mountain bike suspension 
applications, it is preferable that the suspension unit 200 
provides between about 0.5 and 3 inches of suspension travel 
in the short travel mode (i.e., utiliZing only the ?rst partial 
volume 227). Desirably, the suspension unit 200 provides 
between about 0.6 and 2.5 inches of travel and, more desir 
ably, between about 0.75 and 2 inches of suspension travel in 
the short travel mode. Further, preferably the suspension unit 
provides between about 0.6 and 5 inches of suspension travel 
in the long travel mode (i.e., utiliZing both the ?rst partial 
volume 227 and the second partial volume 229). Desirably, 
the suspension unit 200 provides between about 0.8 and 4 
inches of travel and, more desirably, between about 1 and 3 
inches of suspension travel in the long travel mode. The range 
of values set forth above pertains to the relative movement 
between the two portions of the suspension unit 200 and the 
actual travel of the suspended bicycle wheel may vary from 
the travel of the suspension unit 200. 
As described earlier, the differences between curve “A” 

and curve “B” result from the differences in initial chamber 
volume available during compression of the suspension unit 
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200. With the travel adjust lever 252 set as in FIG. 13, the total 
volume of both the ?rst partial volume 227 and the second 
partial volume 229 are available. With the travel adjust lever 
252 set as in FIG. 14, only the volume of ?rst partial volume 
227 is available. 

These following example calculations Will serve to clarify 
these concepts. 

These calculations are based on the Well-knoWn ldeal Gas 
LaW for isothermal processes, Which is a good ?rst approxi 
mation for illustrating the basic principles of the preferred 
embodiments. This laW states that for an enclosed variable 
volume the internal pressure Will vary With volume according 
to the equation: 

Where: 
P1:initial gas (air) pressure 
P2:second gas (air) pressure 
V1:initial volume 
V2:second volume 
Here is a simple example of this relationship.Assuming the 

initial conditions of a sealed, variable chamber are 10 cubic 
inches of air at 100 psi, if the volume is then reduced to 5 cubic 
inches the pressure Will increase to 200 psi. Considered from 
another point of vieW, initial volume divided by ?nal volume 
equals “compression ratio”. In this example the compression 
ratio is 10 divided by 5, or a compression ratio of 2. Final 
pressure can be calculated by multiplying initial pressure 
times compression ratio: 100 psi times 2:200 psi. 

In the example of FIGS. 13, 14, and 15, the initial ?rst 
partial volume 227 of suspension unit 200 is 3.08 cubic 
inches, and the second partial volume 229 is 1.15 cubic 
inches. Thus, their combined volume is 4.23 cubic inches, and 
the volume of ?rst partial volume 227 alone is just 3.08 cubic 
inches. For the con?guration of this example, volume dis 
placed by the seal head 194 per inch of stroke is 1.65 cubic 
inches per inch. The folloWing sample calculations are made 
using these values: 

For the con?guration of FIG. 13, a compression ratio of 3. 1 6 
is reached at 1.75 inches of travel: 

initial total chamber volume:4.23 cubic inches 
reduced volume at 1 .75 

travel:1.75.times.1.65:2.89 cubic inches 
chamber volume at 1.75 inches travel:4.23—2.89:1.34 

cubic inches 
Thus: 
compression ratio at 1.75 inches travel:(4.23)/(1.34):3.16 
For the con?guration of FIG. 14, an almost identical com 

pression ratio of 3.14 is reached at 1.27 inches of travel: 
initial total chamber volume:3.08 cubic inches 
reduced volume at 1 .27 

travel:1.27.times.1.65:2.10 cubic inches 
chamber volume at 1.27 inches travel:3.08—2.10:0.98 

cubic inches 
Thus: 
compression ratio at 1.27 inches travel:(3.08)/(0.98):3.14 
For the con?guration used in this example for suspension 

unit 200, and assuming an initial pressure of 150 psi, these 
compression ratios translate to an air spring force in both 
cases of about 750 pounds. HoWever, the actual air spring 
force may vary depending on the speci?c application. Pref 
erably, as described above, in the context of mountain bike 
suspension assemblies, the spring force is less than approxi 
mately 3000 pounds at a substantially fully compressed posi 
tion of the air spring. 
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10 
This example, of course, is by Way of illustration only, and 

a Wide spectrum of desired relationships betWeen compres 
sion ratio and travel, and of the ratio of travel achieved in the 
short travel mode With that achieved in the long travel mode, 
can be attained With the illustrated embodiments by designing 
a particular variable air spring With appropriate dimensional 
relationships. Preferably, the percentage of travel achieved in 
the short travel mode With that achieved in the long travel 
mode is betWeen about 40 and 90 percent. Desirably, the 
percentage of travel achieved in the short travel mode With 
that achieved in the long travel mode is betWeen about 50 and 
85 percent and, more desirably, betWeen about 60 and 80 
percent. Such a change in travel provides desirable suspen 
sion performance in both the short travel and long travel 
modes for at least a signi?cant portion of typical suspension 
arrangements presently incorporated on mountain bikes. 

FIG. 16 shoWs an alternate preferred embodiment. As dis 
cussed previously, this embodiment is someWhat simpli?ed 
and less costly than the embodiment of FIG. 6. The embodi 
ment of FIG. 16 is possible for suspension units Which are 
generally similar to that of FIG. 6, but provided that no 
thru-shaft damping adjustment feature, such as shoWn in FIG. 
6, is required. As shoWn in FIG. 16, When a thru-shaft damp 
ing adjustment feature is not required, then the upper end of 
the shaft 393 becomes available for incorporation of the travel 
adjust feature. Thus, the travel adjust valve in the embodiment 
illustrated in FIG. 16 generally extends along a central axis A 
of the shock shaft 393, Which alloWs a simpler and more 
cost-effective structure. 

In this embodiment, the travel adjust assembly 350 uses the 
same travel adjust lever 252 as utiliZed previously. The actu 
ating cam shaft 354 is similar to the previous actuating cam 
shaft 254, but is someWhat longer. The upper eyelet housing 
316 is similar to the previous upper eyelet housing 216, but is 
someWhat simpler and less costly to produce due to elimina 
tion of the previously-required off-center upper passage port 
coupler 217 Which Was depicted in FIG. 9. The air cylinder 
partition 372 is similar to the previous air cylinder partition 
272, but it also is someWhat simpler and less costly to produce 
due in this case to elimination of the previously-required 
off-center loWer passage port boss 273 Which Was depicted in 
FIG. 10. The loWer passage port 374 and the upper passage 
port 319, as shoWn, both consist of a cross-holes drilled in the 
shaft 393. The upper passage port 319 further consists of 
drilled or milled passageWays in the loWer portion of the 
upper eyelet housing 3 16 Which communicate With the drilled 
passageWays in the shaft 393. 
The other elements of the travel adjust assembly 350 as 

shoWn in FIG. 16 are neither numbered nor described here 
since they are essentially identical to the elements numbered 
and described in the embodiment of FIG. 6. 
The present invention is not limited to the above embodi 

ments and various changes may be made Within the technical 
scope of the invention as understood by a person skilled in the 
art Without departing from the spirit and scope thereof. 

That Which is claimed: 
1. An integrated and self-contained suspension unit for a 

vehicle comprising: 
a gas spring unit comprising a rigid gas cylinder having at 

least one open end and an inner surface; 
a damper assembly comprising: a damping cylinder con 

taining damping ?uid and having a damping rate, the 
damping cylinder having ?rst and second damping cyl 
inder ends, Wherein the ?rst end of the damping ?uid 
cylinder is telescopically housed Within the gas cylinder; 

a seal head, the seal head at least partially associated With 
the damping cylinder; 



US 7,641,028 B2 
11 

a sliding seal secured to an outer portion of the seal head 
and slidably engageable With the inner surface of the gas 
cylinder and creating a variable-volume sealed gas 
chamber Within the gas cylinder; 

a quantity of gas contained Within the sealed gas chamber; 
a partition Within the gas cylinder and dividing the gas 

chamber into a ?rst gas chamber and a second gas cham 

ber; 
a ?oW port Within the gas cylinder and capable of providing 

gas ?oW communication from the ?rst gas chamber to 
the second gas chamber; 

an extemally-adjustable valve mechanism associated With 
the ?oW port and having at least an open position and a 
closed position, Wherein in the closed position gas ?oW 
communication from the ?rst gas chamber to the second 
gas chamber is prevented; 

a manual adjuster located on an exterior portion of the 
integrated suspension unit, the adjusterpermitting selec 
tive manual adjustment of the valve mechanism betWeen 
the open position and the closed position in an on-the-?y 
manner during operation of the vehicle; 

Wherein: 
a) When the valve mechanism is in the open position, the 

?rst and second gas chambers are in gas ?oW commu 
nication and contribute to a ?rst discrete gas spring 
rate that is a function of at least the combined volume 
of the ?rst and second gas chambers; and 

b) When the valve mechanism is in the closed position 
and the pressure in the second gas chamber does not 
exceed a predetermined value, the ?rst and second gas 
chambers are not in gas ?oW communication and 
contribute to a second discrete gas spring rate that is 
not a function of the volume of the second chamber; 

a ?rst eyelet for attaching the integrated and self-contained 
suspension assembly to one of the sprung or un-sprung 
masses of the tWo-Wheeled vehicle; and 

a second eyelet for attaching the integrated and self-con 
tained suspension assembly to the other of the sprung or 
un-sprung masses of the tWo-Wheeled vehicle; and 
Wherein substantially the entire integrated and self-con 
tained suspension assembly is positioned betWeen the 
?rst and second eyelets. 

2. The integrated and self-contained suspension assembly 
of claim 1, Wherein: 

the valve mechanism includes a check valve positioned 
betWeen the ?rst and second chambers and biased 
toWards the closed position by a sealing force; and 

When the gas pressure in the second gas chamber exceeds 
the sum of the gas pressure in the ?rst gas chamber and 
the sealing force of the check valve, the check valve 
alloWs gas ?oW. 

3. The integrated and self-contained suspension assembly 
of claim 1, Wherein: 

a) the ?rst discrete spring rate results in the gas pressure in 
the gas spring reaching a speci?ed value during a ?rst 
travel distance of the suspension assembly; 

b) the second discrete spring rate results in the gas pressure 
in the gas spring reaching the speci?ed value during a 
second travel distance of the suspension assembly; and 

c) the ?rst travel distance is greater than the second travel 
distance. 

4. The integrated and self-contained suspension assembly 
of claim 1, Wherein the damper assembly further comprises: 

a damper shaft; 
a damping adjuster rod capable of controlling the damping 

rates and located inside the damper shaft. 
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5. The integrated and self-contained suspension assembly 

of claim 1, Wherein: 
the gas spring is divided into separate positive and negative 

gas springs; and 
the ?rst and second gas chambers form the positive gas 

spring. 
6. The integrated and self-contained suspension assembly 

of claim 1, Wherein the damper assembly further comprises: 
a damping piston having at least one ori?ce there through; 
a damper shaft; the damper shaft having a ?rst end protrud 

ing from an end of the damping cylinder and extending 
into the gas cylinder and a second end supporting the 
damping piston; and 

the damping rate of the damper assembly portion of the 
integrated and self-contained suspension unit being a 
function of the degree of resistance to damping ?uid 
?oW through the at least one ori?ce. 

7. An integrated and self-contained suspension unit for a 
tWo-Wheeled vehicle comprising a gas spring unit including a 
rigid gas cylinder having at least one open end and an inner 
surface; 

a damper assembly including: 
a damping cylinder containing damping ?uid and having 

a damping rate, the damping cylinder having ?rst and 
second damping cylinder ends, Wherein the ?rst end 
of the damping ?uid cylinder is telescopically housed 
Within the gas cylinder; 

a damper shaft; and 
a damping adjuster rod cable of controlling the damping 

rate and located inside the damper shaft; 
a seal head, the seal head at least partially associated With 

the damping cylinder; 
a sliding seal secured to an outer portion of the seal head 

and slidably engageable With the inner surface of the gas 
cylinder and creating a variable-volume sealed ?rst gas 
chamber Within the gas cylinder; 

a quantity of gas contained Within the sealed gas chamber; 
a second gas chamber in gas ?oW communication With the 

?rst gas chamber; 
a ?oW port for controlling gas ?oW communication from 

the ?rst gas chamber to the second gas chamber; 
an extemally-adjustable valve mechanism associated With 

the ?oW port and having at least an open position and a 
closed position, Wherein in the closed position gas ?oW 
communication from the ?rst gas chamber to the second 
gas chamber is prevented; 

a manual adjuster located on an exterior portion of the 
integrated suspension unit, the adjusterpermitting selec 
tive manual adjustment of the valve mechanism betWeen 
the open position and the closed position in an on-the-?y 
manner during operation of the tWo-Wheeled vehicle; 

and Wherein: 
a) When the valve mechanism is in the open position, the 

?rst and second gas chambers are in gas ?oW commu 
nication and contribute to a ?rst discrete gas spring 
rate that is a function of at least the combined volume 
of the ?rst and second gas chambers; and 

b) When the valve mechanism is in the closed position, 
the ?rst and second gas chambers are not in gas ?oW 
communication and contribute to a second discrete 
gas spring rate that is not a function of the volume of 
the second chamber. 

8. The integrated and self-contained suspension assembly 
of claim 7, Wherein: 

a) the ?rst discrete spring rate results in the gas pressure in 
the gas spring reaching a speci?ed value during a ?rst 
travel distance of the suspension assembly; 






